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Metal multilayer mirror. for EUV wide fie;d telescopes

Barham W. SmiLh, Jeffrey J. Bloch, and Diane Rousscl-Duprc’

Space Astronomy and Astrophysics Group
Los Afamos Nationaf Laboratory

ABSTRACT

Mctat multilayer mirrors have been designed for JIIC ALEXIS @cllite, which is to carry six wide field Lckscopcs to

perform an all-sky survey in throc or four narrow wavelength barJds in tic EUV. Comprised of alternating faycrs of
molybdenum and silicon, k mirrors arc oplimizcd to provide maximum reflectivity at angles from I I.5 to 17° off

normal incidcncc and al wavelengths of 133, 171. or 186~. Simuhaneously, bc mirrors U.SCa “wavctrap” dc.scribed
below to suppress rcfleaivity a( M)4~, where the exuerncly swong gcocoronal line of He 11 causes severe back-

ground problems.

Low rctlccwty at 3(MA is achieved by superposing two layer pairs that provide dcst.rwivc intcrfcrcncc witi an
c(fcctive 2d spacing of I 52A. lle Mo layers in Lhis wavc!rap musl be very thin, idxwt lf)~ each, in order m

aflow IJJC shorter wavelengths dewed for peak reflectwity m pcncuatc without significam aucnuation. Because
rcfracuon chiu’rgcs the cffcctivc angle O( passage bough * wavcuaP, a Jtinl @mi~~li~ ~lw~n laYcr

thicknesses m IJ’ICdeep Iaycrs and the wavclrap fayers must be performed for each Iargcl peak wavckngth. For the
I Uti~ rmrror, the opornum design from subslrau upward is 40 layer pairs, each 74A Si and 31 ~ Mo. folfowcd by 2

layer pm, each 55.~ Si and lo~ Mo. Cakufations predict rhs destgn will have a peak reflectivity at 186~ of 35
percent and a 304A rcffczwl y less than 10-’, If available epticaf constants are correct and he multilaycr can k

fdwwd without difficulty. We w!II prcwnl details of the cakulauons and labomto~ mcasurcm~rws of he

rcflccuvlly pcrforrnancc i!uamed wllh promlype mwrors.

1. INTRODUCIVON”

I?IC A[. E,XIS WWIIIIC1 IS dcslgncd m survey the cntwe sky m several narrow wavc!cngth hands, ccntcrcd on mm

cmwtm Iuww lrom hot mtcrslcllar plmmaz and on a band m lhe wrmnuum of hot slcllar olqcclx. II WIII carry wx

wlcwopc~ mmg mcra! mulolaycr ,mmors w fmri Ihls cosmic cxucmc UMJVIOICI (EIJV) hght (’oru~lsung of 50 to
I(N) idtcmwmg Iaycrs of molyhdcnurn (Mo) and s}lmn (S1), he muluhiycrs (also called Itiycrcd synthc[ic nmsro.

wu~mrc.~ ) rcll~wl 1:[ V Ilghl al near normal Incvdcncc. Tclcwotys crnploymg smular muhdoycr num)i 4 were
rwcntly th~wn (m u roukcl llIghl 10 ohservc lhc solar coronal. lle ALEXIS mululaycrs WIII Ix vwwum dcpowtcd

h! mugnctnm qxmcrmg using argon gas. Design of lhc muhdaycrs IS h suhpt of ~hls pap

2. (’AI. (”[lLA”I”IONS



.scvcrcly dcgrwhng the rcllcclivi[y at the peak wavclcrrglh.

one dcslgn that rcdwcs W~ rdlccnorr simply dcmmcs the thwkncss id MO 1+’crs whllc kccpmg the d -sp:wmg

tic same, Whm MO occupIcs less ‘Aan ahmt 20 Pcrccrrt of d, the 3(MA rcflccuvl[y :s reduced tt) Icw th;m 10 ‘,

hul unlortunalcly lhc peak rcllcclrvlly also IS rcduccd to ahmt 70 pcrccnt ol lhc iIt&!muhlc maxlmurn.

The second kml of smmure employs a “wavcuiip”. consriung 0[ Iwo Iirycr ptilrs 1A down on Iop (d ihc ()[hcr

Iaycrs, To suppress reflection d’ .W.lA background, tic CIICCUVC 2d -spacing must he 152A, so WM srandmg wu~c

pmems arc set up rhal dcstrucllvcly mtcrfcrc wnh the rcflcctcd wave. The 3(MA rxhiw(m is thcrr ahu)rhcd w lthin

rhc mululaycr. Suwc the slandmg waves IJUJS SCI up UUIIX the dccpcr MO Iiiycrs t,I. c., those spacxxf for the pciik

rclhxuvlty ) cs rctlcxlors, dctwrnmmmn of the Iopunmm d -spwmg and MO layer thlckncss m a wmurap dcpcnd~ on

the rhlckncsscs of the deeper layers. We have compuwd models Ihat h:ivc g(rod pk rcllcctlsily and 3(UA
rl.11~~’llv}[i~s w I(}w as 10’.

J, LABORATORY” APPARAT[’S

:\n El “\’ rctlcclornclcr b hccn conmkwl al Los AIiiMWi IL) provide ir IXIIIIY Ior nlcawmmcnt and 11’QIng {)1
mulul~ycr mmors and Ior callhrulmn of completed ALEXIS IclcMwpc as.scmhlws. The liIyouI, plcmrml In l-_Ig. 1,

~wnslsb of J Pcnnmg discharge Ilght source ( Bcrkclcy Phmomcs, Inc., Model PDS; mlt’rchtingc~blc with a !$4wrwm

X .r:ly wuruc ) dlunruwmng a Hcutnck Scwrtdic “}{IREF% Ifd” mont~hr{~~nator ( 1(N)-I foo~” ). Argtm gti~ II c~cIIcd

wId spuum idumlnunr clc~uwdc~. pnxlucmg a hnc-nch discharge. t{cllurn gai IS JIM) LJMX1u Ilh wInlcis stm’1cl~w.

[n dci. Thu mono chrornalr/cd E 1‘ V trcam IS channclcd through a Iiltcr whlwl mm a rcllccumwwr 01 itimdard LJCSINn
In u tw”uun) ~harnher with u d;arnctcr of ().() meter.

4. [’UNIFORMITY OF LAYERS

5. ltF!i[’1.”Is



hfcasurcmcrm d’ EUV rcllcctivily of his minor m our fwilily arc Wwn in Fig. 2, togchcr wilh ~mc mtbdcls

compumd m an aILCmpI 10 tit k dam. A rnodcl for the target &sign is shown as doucd Iirws m each panel.
Lrbomary W w 170~ mdicam LIMI lhc deep Iaycrs arc behaving almow as prcdim’d by k mnpmations. gcrr-

mr.rng a - rcflccuvity O( tit 0.30. HWhW kss dun k 0.15 prufictd for a pure Mo/Si suuumc t I(IW

ever, Itrc dUEI w .WMA mdicaw LIUUh wavcuap is noI operating as cxpcc~d.

In wcw of WC pfcscncc of urbon and oxygc: “mh AES dam a “mmrniruucd” model wm. compuIcd wilh lhc

srruaurc ahovc, maJiiicd mdy in W wavcuap, as follows. Inslcad of 2 ktycr Pam as (ksigncd, awunc I clcarr

Iaycr pair of 55A Si and lo~ Mm IJWn 45A SI. IOA SiO, lo~ Mo (Pbably MO oxIdc, hu[ wc huvc m) opIical

consuls for Wm. and .15~ C as h from surface & shown m Fig. 2, his model ii!s Ihc Ialmrwory mcasurcmcrm<
much bcmm dun tic irrumdcd “clrm” model. Opltiai consmnls l“i~ SiO wcm adopted Irorn WindIf, since hc coni-

mcms hat hls wnplc, mtcnrkd m bc Si, _ simik to Si oxde. Approximalc agrocmcnl Iwlwccn this rmdcl

and lhc dam reassure us lhal l.hc doplrd opucal consunls for Ihc spuucti malcrials wc rc.monahly rcaii.suc. rhm.
mtiung onc cxplarmucm fw wmc failures 10 til our Iabramry data. llw discrqtancy Iwlwcrn lit and data for Ihc

10-luycr wavcrnp rcmams.

wc L.tmcIudc h sonw oxutauwr O( W from Iaycr(s) of mululaycr mlmm IS unavoulablc wuh nom ,JI handhng.

t hwcvcr. SUU-Ccartmn (m Lhc mulhlaycr subsumlmlly dcgrmks W peak rcflccuwiy fcrftmnancc, wc mmd 10 clml-
Inwc II. Would M not prove pxisihk. wc have dcsigrttd a ‘dwty” wavclrnp lM UMS lhc cartmn Iaycr mslcad oi a

mp %10 layer to rcuovcr W Wry low rcflccliwly rqurrcd w WA. llm ‘“dmly” wavctrup mlmw uannol Iravc w
high ~ @ rullccnvliy al rhc warkmg wavckngth, hccauw cartxm IS vcv absqruvc there Ncvcrlhclcs%, lhc wnw -

IIVIIY of ALEXIS depends on rcilccIIvItws al bmh h? working wavcknglh and JU .UM~, and Ihc ‘dmy- wavcwqr
m+ prove Lhc mm scnsmvc kasItdc dmgn.

7. REFEREN(”~;%

I % (- Prwdtmw+y. J, J llh~h, FJ W. Smuh, K. M.rmlwl. M, l’hharn. J. (’havc~. l.. Iivans. () II W. SICK.

round. tl %lAuJI1, J VMcrgiI, and P Vcd&r, ““A1.EXIS: An 1~ltrawh X-Ray M(Mmor Eqrcrmwm [ ‘wrrg MmIiJ

[Url’ %JIA’IIIIc “Icchmdug) ‘“, m prrxccdmg~, SPIE (’tmicrcrrcc W2, X.R(J} /n.\wwwnrwt(m in 4 ~~~~m~)m~//. IWII



Runlcon Dctccmr

on (’ompumr
(“lm[rollcd Arm Compulcr Cnnlrol[cd

slllllll~ycr

lllrror Swnptc

Palallcl

DMA
Inlcrkc

I’lllcrs

lllRliFS - I@

l’.! “~”\li}m~hrmru~lcr



i- -a

r
)
m
I

t


